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Objectives

Compare Photovoltaic Module Characteristics
Measured at Two Outdoor Test Facilities

Obtain PV Simulation Model Input Parameters
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Scope

m Test Specimens
Monocrystalline Custom-Fabricated BIPV Module
Silicon Film Custom-Fabricated BIPV Module
Triple-Junction Amorphous Module

m Laboratories
Sandia National Laboratories (SNL)
National Institute of Standards and Technology (NIST)

m Measured Parameters
Temperature Coefficients — aisc ayvp Byoc, Bump
Response to Variations in Incident Angle and Absolute Air Mass
Performance at Standard Reporting Conditions

m 25 °C Cell Temperature

s 1.5 Absolute Air Mass

= 0° Angle of Incidence

= 1000 W/m2 Irradiation Level



Photovoltaic Modules
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Monocrystalline Silicon Film Triple-Junction Amorphous
Module Specifications

Cell Technology Monocrystalline Silicon Film Triple-Junction Amorphous
Module Dimensions (m x m) 1.38x1.18 1.38x1.18 1.37 x 1.48
Front Cover 6 mm glass 6 mm glass Tefzel
Ethylene Vinyl Acetate Encapsulant (EVA) X X X
Backsheet/Color Tedlar/Charcoal Tedlar/Charcoal Stainless Steel
Cell dimensions (mm x mm) 125 x 125 150 x 150 119 x 340
Number of Cells (in series) 72 56 44
Cell Area (m°) 1.020 1.341 1.780
Aperture Area (m°) 1.682 1.682 2.108
Coverage Area (m°) 1.160 1.371 1.815
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Test Facilities

National Institute of Standards and Technology
m  Mobile

m  Multiple Tracking Modes

m |V Curve Traces — Raydec IV Curve Tracer Unit

|

Radiation Measurements
—  Total — Eppley PSP
— Beam-Eppley Pyreheliometer
—  Spectral — LiCor 1800 (300nm-1100nm)
m  Temperature Measurements
—  Calibrated Type-T Thermocouples
—  Electronic Ice Point Reference

Sandia National Laboratories
m Fixed
m  Multiple Tracking Modes
m |V Curve Traces-Programmable Power Supplies
m Radiation Measurements
-~ Total Eppley PSP and Silicon Reference Cell
-~ Beam - Eppley Pyreheliometer

~  Spectral — LiCor 1800 (300 nm — 1100 nm)
— Silicon Primary Reference Cell

m Temperature Measurements
~  Calibrated Type-T Thermocouples
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Temperature Coefficients

m  Quantify Influence of Temperature on
Module Performance

— Short Circuit and Maximum Power Currents

-~ Open Circuit and Maximum Power Voltages

m Test Procedure

Clear Sky Conditions, Wind Speed <2 m/s
Shield PV Module Until Module Temperature Approaches Amblent
Remove Radiation Shield

Collect Current, Voltage, and Temperature Data During Module Heating
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Incident Angle Function

m  Quantifies Relationship Between Short
Circuit Current (Isc) and Incident Angle K e

Applicable Only to Beam Irradiance
Test Procedure
Clear Sky conditions, Wind Speed < 2m/s

Measure Isc at Various Incident Angles
Measure Beam Irradiance Using

40 1
12/21

Angle of Incidence (deg)

Separate Tracker
m Data Analysis %5 0 ; ” " " s
Determine Diffuse Radiation -> E__E, —E,, cos(O) Time ofbay (SolarTIme
Correct Measured Isc values to 25 °C Siicon Eilm Moduie
Complete Relative short Circuit Current L2
E, I (AMa=15T=25C)-E,_, Lot -
f,(AOI) = L 08 1

E, . cos(AOI)

0.6

Relative lsc

where Egpoa Total irradiance on module, W/m? o041

E, = reference irradiance, 1000 W/m*> |
lsc = corrected short circuit current, A
Eqr = diffuse irradiance on panels, W/m? OO T T T T T
lsco = current at reference conditions, A Angle-of-Incidence (deg)
Eai = direct normal irradiance, W/m?
8 AOI = angle of incidence, 6
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Air Mass Function

m  Quantifies Relationship Between Short
Circuit Current (Isc) and Air Mass

m AM = |cos(Z.)+0.5057-(96.08 - 2, )"’
m Attempts to Capture Influence of
Time-of-Day Solar Spectral Variation
m Test Procedure
Clear Sky Conditions, Wind
Speed < 2m/s

Measure Short circuit Current,
Isc, Track Sun Throughout Day
(AOI = 0°) Throughout Day

m Data Analysis

Correct Isc Values to 25 °C and
1000 W/m?2

Relative lsc
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Air Mass Functions for Modules

m  Compute Relative Isc = ISC(AMa = 1.5)t0 25Cand 1000 W/m®
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Performance at Standard Reporting Conditions

m PV Module Performance at Standard Reporting Conditions
Cell Temperature 25 °C
Solar Irradiance 1000 W/m?
Absolute Air Mass 1.5

Permits Comparison of Results for a Given Module

m  Permits PV Module Comparisons

Procedure
Correct Measurements to 25 °C
Correct Measurements to 1000 W/m?2
Correct Measurements to Absolute Air Mass of 1.5
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Comparison of NIST and SNL Measured

Current Temperature Coefficients

11

Coefficients (A/C)

Current Temperature Coefficients

0.006+
0.005+
0.004 -+
0.003
0.002+
0.001 1 .
0.000 .
-0.001+
alsc - almp - alsc - almp - alsc - almp -
Mono Mono Silicon Silicon Triple Triple
Crystallin | Crystallin Film Film Junction | Junction
@ NIST |0.001753 |-0.001543 | 0.004680 | 0.001600 | 0.005610 | 0.007350
B SNL |0.001496 |-0.001722|0.004781 | 0.002000 | 0.006584 | 0.007498




Comparison of NIST and SNL Measured
Voltage Temperature Coefficients

Voltage Temperature Coefficients

0.00

0.051 |

0.10 |

-0.15+

Coefficients (V/C)

.0 20 <A
BVoc - BVYmp - | BVoc- | BVmp- | BVoc- BVmp -
Mono Mono Silicon Silicon Triple Triple

Crystallin | Crystallin Film Film Junction | Junction

@ NIST |-0.152386|-0.1563578| -0.12995 | -0.13039 | -0.0931 |-0.04773
BmSNL | -0.1735 | -0.1756 | -0.1412 | -0.1401 | -0.1037 |-0.05074
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Air Mass Function Comparison

Silicon Film Module
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Relative Isc

Incident Angle Response Comparison

Triple-Junction Amorphous

Silicon Film Module Angle of Incidence Function Comparison
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NIST - SNL Measurement Comparisons
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NIST - SNL Measurement Comparisons
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"
NIST - SNL Measurement Comparisons
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BIPV Comparisons at Standard
Reporting Conditions

Summary Of Measured Photovoltaic Module Parameters
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Silicon Film Monocrystalline Triple Junction Amorphous

Standard Reference NIST SNL SNL NIST SNL NIST SNL
Condition Insulated Un-insulated Insulated Insulated Un-insulated | Insulated Un-insulated
P (W) | 103.96 104.95 104.32 133.40 133.99 57.04 57.20

lsco (A) 5.11 5.07 5.04 4.37 4.32 4.44 4.48

Voco (V) 29.61 30.12 30.23 42.93 43.53 23.16 23.49

lmpo (A) 4.49 4.46 441 3.96 392 3.61 3.52

Vinpo (V) 23.17 23.53 23.66 33.68 34.23 16.04 16.27

NIST Measurement Uncertainties

| SNL Measurement Uncertainties

Pmpo = 22 %
Vmpo_i1.4%

Is(‘;o'i 17% Pmpo'izz%
Impo‘i 1.6% Voco 'il.l%
Vmpo £ 14 %

Pmpo _i23 % Isco'i 19 %
Voo -2 1.0% g% 2.0 %
Vmpo = 11 %

Values of uncertainty represent the expanded uncertainty using a coverage factor of 2.




Summary

m Performance of Three PV modules Measured Under Outdoor Conditions
Monocrystalline Custom Fabricated BIPV Module
Silicon Film Custom Fabricated BIPV Module
Triple-Junction Amorphous Module
m Two Different Laboratories
Sandia National Laboratories
National Institute of Standards and Technology
m  Temperature Coefficients
Varied From 2% to 17%
Impact on Panel Performance Small < 2%
m Air Mass Functions
Agreement Within 4%
m Incident Angle Functions
Reasonable Agreement at AOI < 70°
Significant Difference at > 70°
m Performance at Standard Reporting Conditions
Short Circuit Current < 2%
Maximum Power Current < 2%
Open Circuit Voltage < 2%
Max Power Voltage < 2%
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